INTRODUCTION
Members of the genus Salmonella remain a potential threat to human and animal health. Salmonella outbreaks in humans often follow consumption of contaminated animal products. Contamination usually results from infection of animals used in food production, or from contamination of the carcasses of infected or carrier animals (9) . Pigs and poultry are mostly responsible for these outbreaks, while cattle and sheep are less incriminated (10) .
Bovine salmonellosis represents a major problem in view of the economic and health consequences. Severe financial losses result from the death of young animals, decreased milk and meat production, expensive testing and control programmes, and the reduced value of contaminated products (7) . Acute salmonellosis in adults is manifested by fever, dullness, loss of appetite and reduced milk yield, while abortion in pregnant animals is often caused by S. Dublin (15) . Severe dysentery may also occur and mortality may be as high as 70% if the condition is not treated (14) .
Salmonella infections in cattle originate from various sources, such as importation or local purchase of infected animals, contamination of feed and water, and cross-infection from other domestic or free-living animals (5) . Carrier animals shed salmonellae in their faeces, thereby contaminating calf pens, yards, calving pens and milk sheds. Cattle grazing on pasture which has recently been sprayed with slurries of animal wastes can become infected from this source; animals aborting on pastures may also be responsible for the exposure of susceptible pregnant animals (6) .
As an indication of the importance of bovine salmonellosis, between 10,000 and 20,000 incidents of this disease are recorded each year in cattle in the United Kingdom (8) . For many years, S. Dublin and S. Typhimurium have been the most prevalent serovars in cattle, the latter being more common in both adult cattle and calves in recent years (8, 15) . Animals which recover from S. Typhimurium infection rarely become permanent carriers, while adults which recover from clinical S. Dublin infection may become persistent excreters. Latent carriers may also harbour S. Dublin and excrete it only when stressed, especially at parturition (15) . The spread of Salmonella between calves occurs in markets, during transport and on dealers' premises (16, 17) .
The Maltese islands form a small archipelago in the Mediterranean Sea, situated to the south of Sicily; the largest islands are Malta and Gozo. The latter has an area of approximately 75 km 2 , with 25,000 inhabitants and an estimated 2,393 head of adult cattle. There is a lack of information about the extent of Salmonella infection, carriage rates and serovars present in locally-bred cattle. As cattle represent one of the chief sources of meat, milk and dairy products in the Maltese islands, the authors undertook a study to investigate the prevalence of Salmonella excretion in apparently-healthy adult bovines from Gozo. The number, variety and frequency of Salmonella serovars were determined, together with their antibiotic sensitivities. No attempt was made to determine the mode(s) of transmission and the source(s) of infection for the farms investigated, as it was felt that this arduous task should be the subject of a separate epidemiological investigation. This study is the first of its kind to be conducted in the Maltese islands.
MATERIALS AND METHODS
The study population consisted of 2,325 adult cows and 68 bulls from 62 farms, in fourteen localities in Gozo (Fig. 1 ). Calves and one-year-old heifers and bulls were excluded, to ensure a homogenous sampling frame and to avoid the introduction of vagaries through the possible predilection of specific serovars for young animals. Strict random sampling was applied to the study population, and a representative sample was chosen, consisting of 296 cows and 4 bulls. The 300 cattle were distributed in 52 farms in twelve localities in Gozo. The animals were aged from three to four years; cows included both dairy and non-dairy animals.
A sampling frame was prepared, showing all the units from which the sample was to be selected. This required considerable effort, as it was difficult to obtain up-to-date lists of the sampling units on each farm. The sample size was determined to be 300 adult cattle. The number of animals studied was sufficiently large to ensure validity of the results while remaining manageable. The sample was selected by allocating an arbitrary number to each sampling unit, and a list of random numbers was then generated using the random function in a statistical database program. Successive random numbers were then read from the list and the corresponding sampling units were chosen. This was continued until 300 sampling units had been selected. Numbers not appearing in the list of sampling units and numbers which reappeared were ignored. 
Map of Gozo (Malta) showing fourteen localities
All localities were visited, except L1 and L5
Faecal swabs were taken every Monday for nine consecutive weeks. The animal was allowed to defaecate and a sterile cotton-tipped swab was used to collect the freshlypassed faeces; during the study each animal was sampled only once. The impregnated swabs were transferred to Cary-Blair transport medium and remained in transit for two hours before reaching the laboratory. Swabs were then kept overnight at 4°C and processed the following morning.
Each swab was used to inoculate a primary DCLS (desoxycholate citrate lactose sucrose) agar plate, selenite F broth and Rappaport-Vassiliadis broth (12) . The broths were incubated at 42 ±1°C in a water bath for 18 h prior to subculturing on secondary DCLS plates. Both primary and secondary plates were incubated for 18 h at 37°C. Suspect Salmonella colonies from both plates were tested using a set of twenty standard biochemical tests (3).
CLED (cystine lactose electrolyte-deficient) agar medium was used as a purity plate.
Organisms showing biochemical reactions typical of Salmonella were grown on nutrient agar slopes for serotyping. This was performed using slide agglutination tests with Salmonella-polyvalent and monovalent O and H antisera. Serotyping results were finalised by the WHO Collaborating Centre for Reference and Research on Salmonella in Paris and the Institut National de Recherches Vétérinaires in Brussels.
Antibiotic sensitivity tests were performed on sensitivity agar medium using the Stokes' modification of the comparative method (13) . The antibiotic discs used were ampicillin (25 μg), cefuroxime (30 μg), chloramphenicol (10 μg), ciprofloxacin (5 ug), furazolidone (15 μg), gentamicin (10 μg), sulphafurazole (500 μg), tetracycline (10 μg) and trimethoprim (1.25 μg). Escherichia coli NCTC 10418 (NCTC: National Collection of Type Cultures) was employed as a control. After incubation at 37°C for 18 h, zone radii were read for both the control and the test organism. These values were entered into a computerised database for analysis.
RESULTS AND DISCUSSION
The bovine population in Gozo is entirely isolated, as local legislation forbids transport of animals from Malta to Gozo (1). However, cattle may be transported from Gozo to Malta for slaughter at the Malta civil abattoir. Contact between herds is therefore limited although, within a given farm, animals are allowed to mix freely in open courtyards and are housed together in small or large groups in closed pens. Local herds are fed almost exclusively on pelleted feed, clover, maize and hay. The animals are rarely allowed to graze.
Bacteriological results
Of the 300 cattle sampled, salmonellae were isolated from 41.3% (n = 124); seven animals yielded more than one serovar, and the total number of Salmonella isolates was therefore 131. Nearly all the strains showed biochemical characteristics typical of S. enterica subsp. enterica (11) . One isolate each of S. Infantis, S. Montevideo and an autoagglutinable strain were hydrogen sulphide negative. The hydrogen sulphide negative autoagglutinable Salmonella strain was also ONPG (ortho-nitrophenyl-beta-D-galactopyranoside) positive. Seven isolates of S. Telaviv, one isolate of S. Croft and two autoagglutinable isolates were dulcitol negative. The results obtained may be attributed to the whole study population, as the sample chosen represented 12.5% of the total adult bovine population and the 52 farms visited included 83.9% of the total number of cattle farms (n = 62) in Gozo. Moreover, sampling was strictly random and thus each animal in the study population had the same probability of being selected.
The animals from which salmonellae were isolated were probably carriers since, at the time of collection, they showed no clinical signs of salmonellosis (as reported by the farmers). This was further supported by the significantly higher isolation rate obtained from the secondary DCLS plates (following enrichment) than from the primary DCLS plates, thus indicating that small numbers of organisms were being excreted. However, it could not be determined from this study whether the carrier state was transient or permanent.
S.
Croft was the predominant serovar, followed by S. Telaviv and then S. Montevideo (Table I) . These serovars were found in up to 32.3% of the total number of samples taken. S. Infantis was isolated only twice, and there was a single isolate of S. Abadina, which is rarely isolated locally. There were no local isolations of this serovar in humans between 1983 and 1993. Incubation of Rappaport-Vassiliadis broth at 42 ± 1°C could have resulted in some strains of S. Dublin being missed, as such a high temperature might inhibit the growth of this serovar. However, this would not happen with selenite F broth.
A considerable proportion of the isolates (n = 14; 10.7%) consisted of a serovar which has been confirmed by the World Health Organisation (WHO) Salmonella Reference Centre to be an entirely new member of S. enterica subsp. enterica. The antigenic structure of this serovar was found to be 28: e,h: e,n,z 15 . All isolates of this serovar were biochemically typical of the Salmonella genus. The name proposed and accepted for this organism is S. enterica subsp. enterica var. Gozo.
An attempt was made to determine whether the serovars isolated in this study are important causes of salmonellosis in man in the Maltese islands. Barbara (2) showed that between 1983 and 1989, the most common Salmonella serovar in humans was S. Typhimurium (32.0%), followed by S. Wien (13.0%) and S. Virchow (8.0%). Over the same period, the percentage of isolations of S. Infantis, S. Telaviv and S. Kpeme from humans was 3.0%, 0.5% and 1.0%, respectively. The other serovars isolated during this These results suggest that the Salmonella serovars isolated in this study do not constitute an important cause of human salmonellosis locally, but that other sources of Salmonella are responsible for infections in humans in Gozo and Malta. This could be due to efficient cooking of meat dishes and the almost universal pasteurisation of milk and dairy products prior to consumption. The possible lack of reporting of individual cases cannot be excluded, however, especially when symptoms are mild or absent.
The basic trend appears to be one of higher Salmonella incidence in localities situated in south-eastern and south-western regions of Gozo (Fig. 1) . The seven southern localities (L 2, 8, 9,10,11,12 and 13) showing the highest prevalence are all geographically adjacent to each other. The other localities are relatively remote from these regions. No isolations were obtained in localities 3,4 and 7 which are relatively further north (Table II) . Admittedly, only a few animals were sampled from these localities but the total bovine population in these three areas is also relatively small.
Despite the strict random sampling procedure adopted, eleven of the thirteen S. Montevideo strains isolated from locality 10 (Table III) were isolated from the same farm, while the other two came from a neighbouring farm in the same locality. Salmonella Kpeme was isolated only at locality 12, which also yielded the highest number of isolates of the new serovar (n = 10).
Antibiotic sensitivity
The antibiotics used in the cattle studied include ampicillin, Oxytetracycline, streptomycin, trimethoprim in combination with sulphamethazine, and gentamicin. Chloramphenicol, cefuroxime and ciprofloxacin are not used by Gozitan farmers, while furazolidone is used very rarely. All the Salmonella strains (n = 131; 100.0%) were sensitive to at least four of the antibiotics tested, and 98.0% (n = 129) were sensitive to seven antibiotics, while 43.0% (n = 56) were sensitive to all nine antibiotics. Resistance to trimethoprim was the most frequent, amounting to 3.1% (n = 4), followed by tetracycline (n = 3; 2.3%) and sulphafurazole (n = 2; 1.5%). Resistance to ampicillin, chloramphenicol and furazolidone was relatively low (n = 1; 0.8%). All isolates were sensitive to ciprofloxacin, gentamicin and cefuroxime.
S. Croft showed resistance to five antibiotics (Table IV) , namely ampicillin (1.8%), furazolidone (1.8%), tetracycline (1.8%), sulphafurazole (1.8%) and trimethoprim (3.6%). S. Montevideo was resistant to chloramphenicol (5.9%) and trimethoprim (5.9%). S. Gozo showed resistance to trimethoprim (7.1%), giving the highest recorded value for resistance to this antibiotic.
Despite the popularity of ampicillin and Oxytetracycline for the treatment of infections in the cattle studied, relatively little resistance was found to these antibiotics. In spite of the widespread therapeutic and prophylactic use of sulphonamides in local animal husbandry for many years, a high level of resistance to sulphonamides was not encountered.
As no information on the distribution of serovars is available from the veterinary diagnostic laboratory serving the island, comparative studies cannot be made. Nor is it possible to compare these results with those obtained from foreign studies, as the serovars isolated differ. Most studies also tend to be longitudinal rather than crosssectional in nature, and the number and types of antibiotics used for prophylaxis and therapy in animals vary between countries.
The high prevalence of unusual serovars may be related to local husbandry practices. Cattle are kept indoors for most of the year, and faecal carriage of Salmonella therefore 
CONCLUSION
This study has shown that although 41.3% of adult cattle sampled in Gozo excreted salmonellae, the serovars isolated are not common causes of overt infection in man. The current situation of antibiotic resistance in Salmonella obtained from local cattle is not a major problem in Gozo. Stricter measures are required, however, to control any indiscriminate use of antibiotics. Further epidemiological studies are needed to investigate the sources and modes of infection, particularly with regard to animal feed, the water supply, the possibility of shared equipment, and animal husbandry practices. PALABRAS CLAVE: Bovinos -Malta -Salmonella -Salmonella GozoSalmonelosis -Sensibilidad a antibióticos. * *
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